Introduction
In the European Union (EU) more than 7000 pedestrians and 2000 cyclists are killed each year in accidents with vehicles while hundreds of thousands are injured [1] . In the United States in the year 2000 there were over 4700 deaths and 78,000 injuries of pedestrians and 690 deaths and 51,000 injuries to cyclists [2] , while in Japan there are about 2700 pedestrian deaths and 1000 bicyclist deaths annually [3] . In 1994 the European Enhanced Vehicle-Safety Committee (EEVC) combined the findings and recommendations of these studies into a publication entitled "EEVC Working Group 10 Report -Improved Test Methods To Evaluate Pedestrian Protection Afforded by Passenger Cars" [4] .
In 1998 the document was updated based on further work of Working Group 17. Based largely on the EEVC documents, the European Union has made proposals for vehicle tests and regulations concerning vehicle-pedestrian safety issues [4] . The proposed tests include the impacts of adult and child headforms into the hood of the vehicle, the impact of a legform into the front bumper of the vehicle and the impact of an upper legform into the leading edge of the hood. The impactors used are instrumented with accelerometers, transducers, and strain gauges, and time histories of various accelerations, forces, and strains are recorded during the tests. The proposed regulations set limits on the peak values of various accelerations and forces that are recorded in the tests. This paper used LS-DYNA finite element model for lower legform and ETA finite element model for child and adult headform of the pedestrian impactor.
Leg Injury
The lower limb (or lower extremity) is divided in four regions: the thigh, the knee, the leg and the foot/ankle complex. The femur is the thigh-bone, the patella is the knee bone, the tibia and the fibula are the leg bones, and the phalanges, the metatarsals and the tarsals are the bones of the foot/ankle complex (see Fig. 1 ). The tibia is the larger of the two leg bones and bears most of the body weight. In this report, the term lower leg is used to designate the leg and the foot/ankle complex [5] .
The legform impact test is carried out by impacting the legform into the front of the vehicle. The legform model as shown in Fig. 2 consists of 47409 nodes, 33664 solid, 2960 thin shell and two beam elements. There are a total of 29 parts. The model is divided into an upper leg (Femur) and lower leg (Tibia) part. Both are connected by a ligament part. The Femur and the Tibia are surrounded by a single foam layer, which is covered by a neoprene skin. All new cars or designs are now tested by the European New Car Assessment Program (NCAP) to simulate accidents involving pedestrian impact at 40km/h, using dummy models [7] . Illustrated in Fig. 3 , the EEVC test has three criteria to be met:
1. Knee lateral bending angle < 15º 2. Lateral shear at the knee < 6 mm 3. Peek deceleration at the proximal tibia < 150 g Fig. 3 : Pedestrian 'leg-form' injury criteria from EEVC [4] .
Finite Element Modeling (FEM)
The CAD model of the bumper system was first developed using CATIA software and the data was imported and the surfaces were created and meshed using LS-DYNA V971 software and shell element was used.
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For impact analysis, implicit and explicit elements can be considered. For the present work, a nonlinear explicit impact modeling elements were used. The mesh for the bumper system was developed using HyperMesh finite element pre-processor. Material type 24 (mat_piecewise_linear_plasticity) are used for simulation of metallic materials. Material type 54 and 55 (mat_enhanced_composite_damage) are used for simulation for the composite materials in this study. Fig. 4 shows the legform frontal impact layout. As shown in Fig. 1 , the car collides to the pedestrian dummy in perpendicular direction. It was assumed that there is no friction between the car and pedestrian dummy surfaces at contact.
The bumper shell consists of 30024 nodes with 3 mm shell thickness. The European New Car Assessment Program (NCAP) parameter was used to simulate accidents involving pedestrian impact at 40km/h, where dummy models or legform served as impactors. Fig. 4 shows the legform frontal impacts layout in the present study. The velocity is assigned using velocity nodes for all cases in the analysis. In legform crash case, the impact velocity was set at 40 km/h. The properties for steel are given in Table 1 . In the present paper, the hood system is made of e-glass/epoxy composite and carbon/epoxy composite with four different thickness values of 0.65 mm, 1.0 mm, 1.2 mm and 1.4 mm. The material properties for Eglass/epoxy composite and carbon/epoxy composite are given in Table 1 . 
Results and Discussion
Fig . 5 shows the deformation result of the legform model. The acceleration was found to be very sensitive to the material properties of the covering foam and the neoprene skin. The graph was filtered using SAE-filter at 180 Hz filter in LS-Prepost, according to the requirements stated in the regulation. From the graph we can see that the acceleration is 100.5 g (below 150 g) and follow the regulation limit. 
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Fig . 5 shows there is no contact between the legform and the front bumper beam in the crash simulation results. As a results, there was no further analysis were done to improve the design of the bumper cover. The variation of acceleration against time for legform is shown in Fig. 6 .
The shear displacement is found from the measured angle in the case of the hardware model. For the finite element model, two discrete springs modeled (60001 and 60002) were used. The displacement of discrete spring number 6001 represents the shear displacement at the center of the knee according to the regulation. Discrete spring number 60002 represents the shear displacement measurement at the location where the potentiometer in a physical legform measures the shear displacement. Shear displacement was obtained in the legform simulation result and are shown in Fig. 7 . The shear displacement was 4.2 mm and it is below the regulation limit. Since the angle is measured as the angle between the two mountings of the ligament it can be easily determined in the finite element model as the difference of the y-rotations of the mounting parts (PID 28 and 4). Bending angle in the legform simulation results are shown in Fig. 8 and it can be seen that the bending angle graph is 12.0. The simulation results of the legform in term of tibia acceleration, shear displacement and bending angle is shown in Table 2 . 
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